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Abstract
The concentration of catalase protein in anemic blood with enhanced population of reticu-
locytes and in non-anemic blood was determined immunologically by double diffusion test with
anti-mome-liver catalase rabbit serum. The change in catalase protein concentration in anemic
blood during incubation at 37◦C for 24 hours was also studied. It was indicated that the dimin-
ished catalase activity in acatalasemic blood was due to the depletion of the protein and that cata-
lase protein in acatalasemic reticulocytes decreased markedly by in vitro maturation. Furthermore,
the possible presence of inactive catalase protein in acatalasemic blood was also suggested. Cata-
lase protein concentration of acatalasemic anemic blood decreased by the incubation at 37◦C for
24 hours in parallel with the decrease in reticulocyte count and catalase activity, and the decrease
in catalase protein concentration of hemolysate by the same incubation parallel with the decrease
in catalase activity. It is hypothesized that the unstable catalase protein with genetical change in
structure easily decomposes during acatalasemic reticulocyte maturation is presented.
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Acatalasemia, apparent absence of catalase activity in blood, was
first found in Japan by T AKAHARA in 1948, and considered as a molecular
disease due to absence of catalase in blood (l). Subsequently, TAKAHARA
demonstrated, however, residual catalase activity in acatalasemic blood
(2). AEBI reported in 1960 a case of acatalasemia in Switzerland (3-5)
and found that the residual catalase activity in blood was located mainly
in reticulocytes (6). FEINSTEIN succeeded in isolating acatalasemic mouse
mutant with 2.5% of normal catalase activity by irradiation in 1964 (7-
10).
The previous observations in our laboratory indicated that the blood
catalase activity of the anemic acatalasemic mouse decreased as the reti-
culocyte became matured (11-13).
In the present study with the mouse mutant, the catalase protein
concentration of acatalasemic anemic blood with enhanced population of
reticulocytes and of acatalasemic non-anemic blood with normal popula-
tion of erythrocytes was determined immunologically by the double diffu-
sion method with catalase antibody. The catalase protein concentration
of the anemic acatalasemic blood was also determined similarly before
and after the incubation at 37°C for 24 hours, during which concomitant
maturation of the population of reticulocytes to red cells was observed.
MATERIALS AND METHODS
Preparation of antibody: Purification of catalase from livers of 30 CSd strain
mice was carried out by the method of NISHIMURA et al. (14) with additional step
of gel filtration on Sephadex G.lOO column. Mice were killed with ether and
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the excised livers were rinsed with 0.85% saline solution. The livers were
homogenized in an equal volume of distilled water with a Potter Elvehjem homo-
genizer. Ethanol and Triton X-IOO were added to the homogenate to give a
concentration of O.OlM and 0.25% respectively. The homogenate was centrifug-
ed at 1000 Xg, 4°C. After the supernatant solution was mixed with approxi-
mately one-tenth volume ofa 5: 1 (vIv) ethanol-chloroform, the mixture was
recentrifuged immediately. The supernatant solution was obtained as the first
extract. The precipitate was re-extracted with the ethanol-chloroform mixture.
The first and second extracts were combined. Ethanol (95%) was added slowly
to the combined extracts with constant mixing to give a final concentration of
70%. The mixture was allowed to stand for 40 minutes and centrifuged. The
precipitated catalase was dissolved in aquous solution and dialyzed against distil-
led water at 3-5°C for 24 hours. The dialyzed solution was adjusted to pH 4.0
with dilute acetic acid to precipitate the ferritin in the mixture.
The latter was removed by centrifugation. The supernatant solution was
subjected to ultrafiltration in a collodion bag under reduced pressure. The con-
centrated solution 0 ml) thus obtained was applied on a column 0 X 150cm) of
Sephadex G.lOO. The gel filtration was performed with 0.1% NaCl containing
0.75% of chloroform. The fractions comprising the first absorbance at 280m,t.t
was to emerge containing catalase. The fractions were pooled and condensed by
ultrafiltration. The concentrated so14tion was subjected to the fractionation
through a diethylaminoethyl cellulose column 0.5x21 cm) by the stepwise elu-
tion with lOOml of 1mM sodium phosphate, 50ml of 3mM sodium phosphate
(pH 6.8) and with 100mM sodium phosphate (pH 6.8). Catalase was eluted with
the latter buffer. The fractions containing catalase were pooled and concentrated
as described above. The concentrated catalase solution was used as antigen to
induce rabbit antibody. The ratio of spectrophotometric absorptions at 405m,t.t1
280m,t.t was approximately 0.323.
An aliquot of the solution containg 5mg of the antigen was emulsified with
Freund's adjuvant and was injected first to palm of rabbit. The four following
injections (8 mg of antigen for each) were done in muscle. The blood was drawn
by cardiac puncture 3 months after the first injection and used as experimental
materials.
Preparation of antigen solution for double diffusion tests: Acatalasemic mice (CSb),
hypocatalasemic mice (CSd) and normal mice (CS") were bled from orbital vein,
about 0.5ml at one time, and 8 times during 8 days, with a glass capillary, 0.2
mm in diameter) coated with heparin (5). At the end of the bleeding, blood
was sampled and catalase protein was determined by the double diffusion method
described below. These anemic bloods were also used for the incubation experi-
ments. The reticulocytes were counted and catalase activity was measured daily
with the depleted blood. Reticulocyte counts were made on the smear of the
blood supravitally stained with Nile blue (6). Catalase activity was measured
by the method of MATSUBARA, SUTER and AEBI (7). The non-anemic and
anemic bloods were centrifuged and collected cells were hemolyzed 3 times with
distilled water. Hemolysates thus obtained were used as antigen after the saline
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concentration was adjusted to 0.85%.
In the incubation experiment, cells were suspended in 5 volumes of Alserver
solution and incubated at 37°e for 24 hours in a water bath and at ooe in a cold
room for 24 hours. After the incubation, the cell suspension was centrifuged.
The red cells obtained were lysed by adding distilled water, (two volumes of
red cell sediment). Double diffusion tests of hemolysates were performed as des-
cribed below.
Double diffusion test: One per cent agar was used. Immunodiffusion was
carried out by the method of OUCHTERLONY (18) with a disk (4cm in diameter)
made of I % agar (specific noble agar-Difco) in saline containing 0.01% mer-
tionate. A central well and six circumferential wells were punched apart so that
the distance from the edge of the center well to that of each circumferential well
was about 3mm. Diameters of central well and circumferential wells were 5mm.
Antibody and antigens (0.04ml each) were placed in the central well and circum-
ferential wells respectively. Four circumferential wells were punched instead of
six for the examination of catalase activity in the precipitin ring.
RESULTS
On agar diffusion, hemolysates of anemic blood with increased po-
pulation of reticulocytes and non-anemic blood with normal population
of erythrocytes from non-acatalasemic, hypocatalasemic and acetalasemic
mice produced two precipitin lines against anti-mouse liver catalase rabbit
serum as shown in Fig. I (A).
The outer precipitin line is considered to be derived from catalase
itself, since bubbles were formed when 5 per cent hydrogen peroxide was
added to Ouchterlony plate after washing with saline as shown in Fig. 1
(B). The inner precipitin line was probably C reactive protein as describ-
ed by NISHIMURA, et al. (19). Both the outer and inner precipitin lines
fused with each other. The outer precipitin line formed by hemolysate
of non-acatalasemic non-anemic blood was slightly paler than that by
hemolysate of non-acatalasemic anemic blood. The outer precipitin line
formed by hypocatalasemic non-anemic blood was considerably paler
than that of hypocatalasemic anemic blood. The outer precipitin line of
acatalasemic non-anemic blood is markedly paler than that of acatalasemic
anemic blood.
The average value of the density of outer precipitin line was obtain-
ed by measurement with three samples, wild type anemic blood gave the
highest value and hypocatalasemic anemic blood and acatalasemic anemic
blood yielded decreased values in that order. The value of the density of
precipitin line averaged by the same measurement with non-anemic blood
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(A) (B)
Fig. 1 (A) Photograph of double diffusion test between hemolysates and catalase anti-
body. The center well contained 0.04 ml anti-mouse liver catalase rabbit serum and the
circumferential wells contained 0.04ml of hemolysates diluted three times (aqua: blood
sediment = 2 : 1) from acatalasemic, hypocatalasemic and non-acatalasemic mouse bloods at
anemic and non-anemic condition.
(B) Photograph of double diffusion test. Note; the bubble formation indicating catalase
activity remains in the outer lines, after reacting, washing with saline, and pouring 5 per
cent of hydrogen peroxide on the plate at 4°C.
NE (non-acatalasemic mice, non-anemic hemolysate rich in erythrocyte)
NR (non-acatalasemic mice, anemic hemolysate enhanced reticulocyte)
HE (hypocatalasemic mice, non-anemic hemolysate)
HR (hypocatalasemic mice, anemic hemolysate)
AE (acatalasemic mice, non-anemic hemolysate)
AR (acatalasemic mice, anemic hemolysate)
Reticulocyte count and catalase activity in original blood, and catalase protein in hemolysate
used in this experiment are shown in Table 1.
also markedly decreased in the order of wild type, hypocatalasemic and
acatalasemic bloods. The density of precipitin line from acatalasemic
non-anemic blood was palest.
The amount of catalase protein in hemolysates was also determined
semi-quantitatively by double diffusion tests. Anemic and non-anemic
bloods were taken from acatalasemic, hypocatalasemic and non-acatalase-
mic mice. Blood was centrifuged and the collected cells were hemolysed
with 2 volumes of distilled water. Catalase activity and hemoglobin
concentration of hemolysates were measured. Saline was added t<;> the
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hemolysates to yield series of dilution as 1 : 1.4, 1: 2.0, 1: 2.8 and 1 : 4. O.
The 0.04 ml of original hemolysates and the diluted solutions were put in
circumferential wells and 0.04 ml of anti.mouse liver catalase rabbit
serum was in a central well. After twenty-four hours' incubation, pre-
cipitin lines were examined. The dilution factor of hemolysate showing
the palest visible outer precipitin was taken as titer of catalase protein.
Relationship between catalase activity and titer of catalase protein
by double diffusion method determined semi-quantitatively is shown in
Table 1 and Fig. 2. The catalase activity of non·acatalasemic anemic
blood was 67.5 PU/ml (1824.3 PU/gHb) and that of non-anemic blood
was 67.1 PU/ml (958.5 PU/gHb). The titers of catlase protein-antigen
of the former and the latter were 4.0 and, 4.0 respectively, with 0.04 ml
of the antigens. Catalase activity of hypocatalasemic anemic blood was
34.5 PU/ml (718.8 PU/gHb) and that of non.anemic blood was 13.9
PU/ml (185.3 PU/gHb), and the titers of catalase protein-antigen were
2.8 and 1.4 respectively. Catalase activity of acatalasemic anemic blood
was 12.8 PU/ml (185.0 PU/gHb) and that of non.anemic blood was 2.3
PUIml (30.1 PUIgHb), and the titers of catalase protein were 2.8 and
1.0 with the former and the latter respectively.
These results indicate that both the concentration of the catalase pro-
tein and the catalase activity of hypocatalasemic and acatalasemic anemic
blood decreased as red cells became maturated. The ratio of catalase
activity to catalase protein in acetalasemic anemic blood was lower than
that in hemolysate from non-acatalasemic anemic blood, and the ratio in
acatalasemic non-anemic blood was also lower than that in non.acatalase·
TABLE J. RETICULOCYTE COUNT AND CATALASE AGTIVITY (PU/gHb) IN ANEMIC AND NON-
ANEMIC BLOOD, CATALASE ACTIVITY (pu/ml) AND CONCENTRATION OF CATALASE PROTEIN BY
IMMUNE ASSAY IN ANEMIC AND NON-ANEMIC HEMOLYSATE (AQUA: BLOOD SEDIMENT=2: 1) USED
TO DOUBLE DIFFUSION TESTS AS ANTIGEN FROM NON-ACATALASEMIC, HYPOCATALASEMIC AND
ACAT ALASEMIC MICE
Sample examination
non-acatalasemic
mice
non- .
anemic anemic
hypocatalasemic acatalasemic
mice mice
non- . non- .
anemic anemic anemic anemic
blood reticulocyte count (%)
catalase activity (PU/gHb)
1.6 51.2
958.9 1824.3
1.1
185.3
57.7
718.8
0.8 45.2
30.1 185.0
hemolysate
catalase activity (PU/ml)
protein conc. by immun.
assay (Titer/0.04ml)
protein conc. by immun.
assay (Titer/ml)
cat. act. /prot. conc.
67.1
4.0
100.0
0.7
67.5
4.0
100.0
0.7
13.9
1.4
35.0
0.4
34.5
2.8
70.0
0.5
2.3
1.0
25.0
0.1
12.8
2.8
70.0
0.2
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Fig. 2 Correlation between titer of catalase protein measured by double
diffusion test, and catalase activity in anemic and non-anemic hemolysates from
non-acatalasemic, hypocatalasemic and acatalasemic mouse hemolysates. Symbol
of NE, NR, HE, HR, AE and AR is same as described in Fig. I respectively.
mic non-anemic blood (Table I). The observation suggested that inactive
catalase protein was present in both acatalasemic reticulocytes and eryth-
rocytes.
Change in the level of catalase protein by the incubation was followed
by the double diffusion test described above. The titer of catalase protein
in anemic acatalasemic blood decreased from I: 4.0 to I: 2.0 after the
incubation at 3rC, 24 hours. No change of the titer was observed with
the blood incubated at O°C. The observations indicated that catalase
protein concentration in acatalasemic reticulocytes decreased by the in-
cubation at 37°C in parallel with decrease of reticulocyte count and
catalase activity (in Table 2). In contrast, catalase activity in anemic
non.acatalasemic blood slightly decreased by the incubation at 37°C.
Hemoglobin levels of bloods in this experiment did not change the incuba-
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TABLE 2. CHANGES IN RETICULOCYTE COUNT, HEMOGLOBIN CONCENTRATION, CATALASE
ACTIVITY AND PROTEIN CONCENTRATION OF CATALASE IN NON-ACATALASEMIC AND ACATALA-
SEMIC MOUSE BLOODS AT ANEMIC CONDITION BY INCUBATION AT 37°C OR O°C FOR 24 HOURS
mice non-acatalasemic mice acatalasemic mice
___ condition
before after incubation before after incubationexamin~ incubation 37°C O°C incubation 37°C O°C
reticulocyte count* (%') 38.3 11.4 33.3 32.0 9.5 32.4
Hb cone. ** (g/dl) 3.7 4.0 3.4 3.8 4.6 3.5
catalase activity**(PU/gHb) 1404.7 1146.3 1441.2 163.8 80.5 163.7
catalase activity**(PU Im1) 52.0 45.9 49.0 6.2 3.7 5.7
cat. prot. cone. by immun. 5.6 5.6 5.6 4.0 2.0 4.0
assay** (Titer/0.04ml)
* blood
** hemolysate (aqua: blood sediment = 2 : 1) used to double diffusion test as antigen
TABLE 3. CHANGES IN HEMOGLOBIN CONCENTRATION, CATALASE ACTIVITY AND PROTEIN CON-
CENTRATION OF CATALASE IN NON-ACATALASEMIC AND ACATALASEMIC MOUSE HEMOLYSATE
AT ANEMIG CONDITION BY INCUBATION AT 37°C OR O°C FOR 24 HOURS
mice non-acatalasemic mice acatalasemic mice
________ condition before after incubation before after incubation
--------.
examination ________ incubation 37°C O°C incubation 37°C O°C
reticulocyte count* (%') 41.9 52.5
Hb cone. ** (g/dl) 3.8 4.2 3.8 3.8 3.8 3.7
catalase activity**(PU/gHb) 1513.2 1095.2 1539.5 176.2 47.4 214.2
catalase activity** (PUIml) 57.5 46.0 58.5 6.7 1.8 7.9
cat. prot. cone. by immun. 4.0 4.0 4.0 2.0 1.0 2.0
assay** (Titer/0. 04ml)
* blood
** hemolysate (aqua: blood sediment=2: 1) used to double diffusion test as antigen
Note; titer of catalase antibody used in this experiment is a little weaker than that
used in the experiment of Table 2.
tion at 37°e.
The titer of catalase protein in anemic acatalasemic hemolysate de.
creased from 1: 2.0 to below 1: 1.0, by the incubation at 37°e, but
remained at the same level after the incubation at ooe (Table 3). Table
3 also shows the decreases in protein in hemolysates of anemic bloods in
parallel with decrease of catalase activity by the incubation at 37°e.
Anemic non.acatalasemic hemolysate showed catalase protein concentra·
tion and activity of normal level unchanged by incubation procedure at
37°e.
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DISCUSSION
The results described above indicate that decrease in catalase activity
in hypocatalasemic blood is due to decrease in catalase protein, and that
the lowest catalase activity observed with acatalasemic blood corresponds
to the lowest concentration of catalase protein.
The results also indicate that the loss of blood catalase activity in
hypocatalasemic and acatalasemic mice by maturation is due to the disap-
pearance of catalase protein. Thus decrease in the concentration of catalase
protein by maturation explains for the diminishing catalase activity
observed with acatalasemic blood and the lower catalase activity of
hypocatalasemic blood. Catalase of acatalasemic blood is more unstable
against heat denaturation than that of non-acatala~emicblood as measured
by the change of the enzymic activity as a function of temperature (9), in
either anemic or non-anemic conditions. Therefore, the structure of
catalase molecule of the former may be less stable than that of the latter.
The protein with unstable structure would likely be affected by matura-
tion process, resulting in the loss of catalase activity. In many inborn
errors of metabolism, Swiss and mouse acatalasemia, and glucose-6-P
dehydrogenase deficiency (20) are the case showing that the enzymic
activity in reticulocytes is higher th:::tn that in erythrocytes. However, this
report presents the first observation that the loss of enzyme protein in
maturated cells, accounts for the decrease in the enzymic activity.
The results with the incubation experiment were also consistent with
the parallel change in the protein concentration and the enzymic activity.
Therefore, disappearance of catalase protein should be related to the
reticulocyte maturation. The mechanism of disappearance of catalase
protein with unstable structure during maturation process of reticulocytes
remains to be elucidated.
The incubation experiment of hemolysates of anemic acatalasemic
blood, also indicated that both catalase protein and catalase activity
decreased. This observation is also consistent with instability of catalase
protein of acatalasemic blood.
NISIMURA (19) reported that on the agar diffusion between several
erythrocyte preparations of normal human individuals and acatalasemic
ones with antihuman hepatic catalase rabbit serum. There is a notable
and striking absence of precipitin reaction between aca'talasemic red blood
cells and the antiserum, while normal erythrocytes all show a reaction of
complete precipitin ring. These results are similar to those in this experi-
ment, using the agar diffusion between erythrocytes preparations of normal
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mice and acatalasemic ones with antimouse hepatic catalase. The experi-
ment using antimouse blood catalase rabbit serum is now being conducted.
CONCLUSION
The concentration of catalase protein in anemic blood with enhanced
population of reticulocytes and in non-anemic blood was determined im-
munologically by double diffusion test with anti-mome-liver catalase rabbit
serum. The change in catalase protein concentration in anemic blood
during incubation at 37°C for 24 hours was also studied. It was indicated
that the diminished catalase activity in acatalasemic blood was due to the
depletion of the protein and that catalase protein in acatalasemic reticulo-
cytes decreased markedly by in vitro maturation. Furthermore, the pos-
sible presence of inactive catalase protein in acatalasemic blood was also
suggested. Catalase protein concentration of acatalasemic anemic blood
decreased by the incubation at 37°C for 24 hours in parallel with the
decrease in reticulocyte count and catalase activity, and the decrease in
catalase protein concentration of hemolysate by the same incubation
parallel with the decrease in catalase activity. It is hypothesized that
the unstable catalase protein with genetical change in structure easily
decomposes during acatalasemic reticulocyte maturation is presented.
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